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IMMORTALIZED HUMAN CHONDROCYTES 

This invention relates to the field of 
chondrocytes • 
5 Pag)^;qyo^^^d^ qt th^ im^jn^im 

The chondrocyte is a terminally differentiated 
cell that functions to maintain the cartilage specific 
matrix phenotype under normal conditions of low tximover. 
The chondrocyte is derived from the chondroblast, a 

10 mesenchymal derivative. At the cellular level cartilage 
tissue is composed only of chondrocytes and does not 
contain nerves, blood vessels or lymphatics. The 
cartilage tissue is capable of both a positional and 
interstitial growth which occurs by cell division of the 

15 mature chondrocyte and the secretion of an extracellular 
matrix. The major constituents of the extracellular 
matrix of mature hyaline cartilage fovmd in diarthroidal 
joints are type II (with some types IX and XI) collagen 
and the cartilage-specific, large aggregating 

20 proteoglycan. 

High oxygen tension, in general, blocks cartilage 
growth and vascularization and mineralization around 
cartilaginous tissue are found to be inhibited. It is 
thought that this inhibition occurs by the secretion of 

25 specific inhibitors from chondrocytes and the isolation 
of such inhibitors is a source of interest in current 
chondrocyte research. 

Under pathological conditions, i.e., inflammatory 
joint disorders, chondrocyte function is altered and 

30 there are changes in the composition of the extracellular 
cartilage matrix (Krane et al., 1986, In: Articular 
cartilage Biochemistry. Kuettner et al., eds., Raven 
Press, New York, p413; Dodge and Poole, 1989, JQ^yn^3, 
Clinical Invest . ^t6A7; Hamerman, 1989, New England 

35 Journal of Medicine lafi: 1322; Harris, 1990, W. ]BnqJ-f Jtr 
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Med, 322 :1277) « In conditions such as rheumatoid 
arthritis and osteoarthritis, changes in the production 
and temporal release of cytokines result in altered 
chondrocyte function. Xhis altered function contributes 
5 to the erosion and Inappropriate repair of cartilage 
matrix (Krane et al., 1988, In: Cell and Molecular 
BlolQCfv of Vertebrate Hard Tissues, Ciba Foundation 
symposium 136, Evered and Harnett, eds., Wiley, 
Chichester, p. 239; Krane et al., 1990, fmXi^l^ NX Agaflt 

10 Sfii* 580 :3401 . 

Mature differentiated chondrocytes can be defined 
by numerous cellular characteristics: the production of 
predominately type II collagen, the secretion of a 
specific profile of proteoglycans, the production of link 

15 protein and specific cellular responses to the cytokines 
interleukin-1 (IL-l) and interferon-y (IFN-y) (Goldring 
and Goldring, 1990, clinical Orthopedics and Related 
Research ^ . 

She generation of immortalized chondrocyte cell 

20 lines has been pursued in numerous animal systems (Morton 
et al., 1988, Experimental Cell Res> 128:457; 
Grigoriadis, et al., 1988, J, Cell Biol . 10622139; 
Thenet, et al., 1992, J. Cell Phvsiol. 150:158; Glontl, 
et al., 1985, Cell Biol . 82:2756; Takigawa, et al., 

25 1989, Cancer Res . 4^:3996; Bemier, et al., 1990, 

cell. Phvsiol. 1^5:274; Takigawa, et al., 1991, Tht. ^, 
Cancer M:717). Such efforts have yielded immortalized 
chondrocyte derived cell lines which e:dxibit some of the 
aforementioned characteristics often i if not always, 

30 present in a truly differentiated cell line. In contrast 
to mature primary chondrocytes in cultxare, many of the 
immortalized chondrocyte derivatives display some 
fibroblastic phenotypes indicative of only partial 
differentiation. Immortalized cell lines and methods for 

35 obtaining such cell lines which display most, if not all. 
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the major phenotypes and profiles of gene regulation of a 
differentiated chondrocyte would be of use in a variety 
of research and clinical applications. 

?VF"»7T ^« Invention 
5 In general, the invention provides an inmortalized 

human chondrocyte cell line having a homogeneous 
polygonal morphology which, in addition, is further 
characterized in that it expresses type II collagen, 
suppresses the expression of type II collagen in response 

10 to IL-1 and IFN-y, expresses collagenase in response to 
IL-1, and expresses the proteoglycans expressed by human 
primary chondrocytes, but does not express the 
proteoglycan Versican not normally found in cartilage. 
In addition, the invention provides an immortalized 

15 chondrocyte cell line in insulin-containing serum 

substitute characterized in that it has the same gene 
expression profile characterized above and corresponding 
to that of mature primary chondrocytes in culture. 

The invention fxirther includes any immortalized 

20 cell line with the aforementioned characteristics derived 
from human primary chondrocytes trahsf ected with origin 
defective SV40. 

The aforementioned immortalized human chondrocyte 
cell lines are made by a procedure ^hich involves 

25 isolating human chondrocytes, preferably juvenile primary 
chondrocytes, and growing them in culture, transfecting 
the culture with origin-defective SV40 or another 
immortalizing nucleotide sequence, subculturing the 
transf ected cells, preferably for a period of greater 

30 than six weeks, and selecting a cell line that displays a 
cobblestone morphology and is further characterized in 
that it a) expresses type II collagen, b) produces less 
of type II collagen in response to IL-1 and IFN-y# c) 
expresses collagenase in response to IL-1, d) secretes a 
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proteoglycan profile corresponding to that of nature 
huBian chondrocytes. The cell line may be maintained in 
medium with insulin*containing serum, for exasiple, as 
Nutridoma-SP to obtain enhanced expression of primary 
5 chondrocyte phenotypes. Preferably, the phenotypic 

selection for immortalized chondrocytes is done following 
a drug resistance selection which eliminates those cells 
which do not bear the transf acted nucleic acids. 

The invention also provides a method of treating a 

10 degenerative cartilage disease by transfecting cells 
obtained from a cell line described above with a gene 
encoding a therapeutic protein, and administering the 
transf ected cells to the patient. This method may be 
used to treat the degenerative cartilage disease 

15 osteoaurthrltis . The transf ection method may also be used 
to incorporate a gene encoding a cytokine, preferably 
TGT-p and/or IGF-I to treat diseases of the cartilage, 
for example diseases of cartilage degradation. 

Transf ection may also be used as stated above to 

20 incorporate a gene encoding a cytokine inhibitor such as 
IL-1, a similarly acting receptor antagonist, or an IL-1 
mutant. The same method of transf ection may also be used 
to transfect genes encoding proteases or protease 
inhibitors, or extracellular matrix components. 

25 immortalized chondrocytes containing a gene encoding a 
therapeutic protein may be administered to the patient by 
localized injection. 

The invention also provides a method by which the 
immortalized chondrocytes described above may be used as 

30 a source for harvesting antivasicular compounds by a 
method involving culturing the immortalized chondrocyte 
cells and purifying from these cells a compound which 
prevents vascularization. 

The invention further provides a method of 

35 screening for compounds useful in the therapy of 
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c2u:±ilaglnous diseases. This method involves applying 
potential therapeutic compounds to the ismiortalized 
chondrocyte cells and then monitoring the cells for 
alterations in gene regulation %Aiich ameliorate the 
5 pathological condition. 

Other features and advantages of the invention 
will be apparent from the folloving detailed description 
and other embodiments of the invention and from the 
claims. 

10 Detailed Description 

The drawings will first be briefly described. 

Fig. lA is a photograph of the T/C-28a2 cells in 
culture and Fig. IB a photograph of the C20/A4 cell line 
15 in culture. 

Fig. 2 depicts the expression of type II collagen 
mRNA in the immortalized chondrocyte cell line C20/A-4. 

Fig. 3 A and Fig. 3B depict the expression of type 
II collagen mRKA in the immortalized chondrocyte cell 
20 line T/C*-28a2 in a variety of media. The first 5 lanes 
of Fig. 3 A represent type II mRNA expression in primary 
chondrocytes. Lanes 6*24 of Fig. 3A represent the type 
II mRNA levels in T/C-28a2 in a variety of media. The 
autoradiograph shown in Fig. 3 A is of a brief exposure of 
25 the Northern blot, and Fig. 3B is a longer exposure of 
the same blot depicted in Fig. 3A. 

Fig. 4 is a graph showing the detection of 
expression of the proteoglycans aggrecan, PGI, P6II and 
versican in addition to collagen IX in diverse media for 
30 both normal and immortalized T/C-28a2 chondrocytes. 

Fig. 5 depicts the expression of collagenase and 
early gene mRNAs in response to IL-1 in human costal 
chondrocytes at 3 hours, 6 hours and 24 hours. 
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Fig. 6 depicts the level of c*Jun mRKA expression 
at 3 and 5 hours after the addition of IL^l^ in C20-A4 
cells. 

Fig. 7 depicts priaary costal chondrocytes (day 11 
5 of primary culture) which were preincubated for 24 h 
alone (control) or with hIL**l^ (5 pM) without or with 
indomethacin (ImM) . 

Fig. 8A and Fig. 8B depict costal chondrocytes 
(see Fig. 7) which were preincubated for 24 h alone 
10 (control) or with IFN-y (l^>f lOOf a^^d 500 units /ml ) . 

Fig. 9 represents the dot hybridization analysis 
of procollagen mRNA levels in costal chondrocytes treated 
with IPN-y and IL-l/S. 

Fig. 10 depicts the kinetics of al(II) and al(I) 
15 procollagen mRNA expression in costal chondrocytes 
treated with iLrlp and indomethacin in the absence and 
presence of cycloheximide. 

Fig. 11 is a set of graphs which represent the 
cmalysls of the stability of al(II) and al(I) procollagen 
20 mRKAs treated with TL^lfi in the absence and presence of 
cycloheximide (CHX) . 

Figs. 12A and 12B show the expression of 5'- 
flanking regulatory sequences of C0Ii2Al by hiunan costal 
chondrocytes in different culture conditions. 
25 Fig. 13 depicts the dose-dependent inhibition of 

expression of pCAT-B/4.0 by IL^lfi and XL-la. 

Fig. 14 depicts the dose-dependent suppression of 
pCAT-B/4.0 (FCAT4.0) expression and potentiation of this 
suppression by indomethacin in human costal chondrocytes. 
30 Fig. 15 shows the expression of pCAT-B/4.0 in rat 

chondroblasts and inhibition by human IL-1/9 and murine 
IFN-y. 

Fig. 16 is a graph demonstrating the expression of 
pCAT Control, but not pCAT-B/4*0, by human dermal 
35 fibroblasts. 
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Fig. 17 A is a table representing the CAT activity 
of plasmids pCAT4.0, pCAT2.9 and pCAT2.0 in both. control 
and hIL-1/9 serum conditions. Fig. 17B depicts the effect 
of recombinant IL-l/} on escpression of 00Zi2Al regulatory 
5 sequences in immortalised human chondrocytes. 17 (C) 
depicts the effect of recombinant IFN*y on expression of 
CAL2A1 regulatory sequences in immortalized human 
chondrocytes. 

The following examples are provided to illustrate 
10 the advantageous characteristics and methods of making 
and testing the immortalized chondrocytes of the 
invention; these examples are not intended to limit the 
invention. 

l> generation of Immertaliaed Human Chondroevte Cell 
15 Lines 

A. Isolation of Primary Chondrocytes. 
Human costal cartilage was obtained from ribs 
removed during pectus excavatum repair of a 5-year-old 
juvenile male and a 15-year-old female. Chondrocytes 

20 were isolated by dispersion with proteases and cultured 
as described below. Cartilage slices were incubated at 
37 *C with hyaluronidase (img/ml in PBS; bovine testicular 
from Sigma) for 10 min, followed by 0.25% trypsin 
(GIBCO/BHL) for 45 min. The cartilage was then chopped in 

25 small fragments and incubated at 37 «C with collagenase (3 
mg/ml in senim-free culture medium; clostridial peptidase 
from ifforthington) for 48 h. The dispersed cells were 
then washed with Ca**^- and Mg'^-free PBS and cultured in 
Dulbecco's modified Eagle's medium (DMEH) supplemented 

30 with 10% fetal calf serum (PCS) with medium changes every 
3-4 days, as described previously (Goldring and Krane, 
1987, J- Biol. Chem . 2fi2sl6724; Goldring et al., 1988, i. 
Clin. Invest. £2:2026) . 
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B* Isolation of tlie C-20/A4 Cell Line. 

An immortalized human chondrocyte cell line was 
generated using pMK/SV40 ori* plasmid transfection and is 
termed C-20/A4. C-20/A4 was derived from juvenile costal 
5 chondrocytes isolated from a specimen of rib cartilage 
from a 5-year-old male obtained as discarded material 
after surgery as described above. At day 10 of primary 
culture 10 confluent 75-cm^ flasks were transfected with 
origin-defective SV40 (20 /ig/flask of pMK/SV40 ori" 

10 plasmid DNA) (Small et al-, 1982, Nature 2282671) using 
the polybrene/DMSO method (Chaney et al., 1986, Somatic 
Cell Molec, Genet s 12s237) . The immortalized cells were 
obtained by the selection of foci 4-6 weeks after 
transfection and continuous subculture to produce 

15 senescence of the parental cells. Of the 140 foci (10-20 
per flask) selected originally, only 20 were subcultured. 
After 20-40 passages, the C-20/A4 line was selected for 
further characterization, since these cells continued to 
grow well and maintain a homogenous polygonal morphology 

20 characteristic of chondrocytes rather than fibroblasts. 
Growth in a insulin-containing media such as Mutridoma-SP 
(Boehringer Mannheim) was found to be required for the 
expression of the full range of primary chondrocyte 
phenotypes by the immortalized chondrocytes in culture. 

25 Figure IB depicts the C-20/A4 cells in culture. 

The C-20/A4 cells have been maintained in culture 
for over three years, during which time they have 
continued to grow well and maintain a homogenous 
polygonal morphology. Additional immortalized cell lines 

30 with characteristics similar to those of C-20/A4 may be 
obtained from the 120 immortalized clones or by 
replicating the immortalization procedure, 
c. isolation of T/-28 Cell lines. 
The SV-40 large T-antigen encoding DNA was 

35 inserted in the pZip Neo SV(X) vector (Psi-2 U19-5 
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plasmid) (Williams et al., Mol. Cell Biol > fi:3864) and 
freshly isolated cultiires of juvenile human costal 
chondrocytes from a specimen of rib cartilage from a 15- 
year-old female obtained as discarded material after 
5 surgery (pectus excavatum repair) at day 5 of primary 
culture were used for immortalization. Cells were 
cultured for more than 8 weeks before the initial G418 
drug resistance selection. After selection of 
transfected cells in 6418, the unclqned cell populations 

10 (designated T/C-28) were established through several 
subcultures following 6418 selection. Cells were then 
further selected by limited dilution or by plating on 
agarose and then transferring back to monolayer culture 
on plastic for cloning by limiting dilution. Over 40 

15 lines were established, at least 75% of which had the 
polygonal or cobblestone morphology ' characteristic of 
chondrocytes. 6rowth in a insulin-containing media such 
as Nutridoma-SP (Boehringer Mannheim) was found to be 
required for the expression of the full range of primary 

20 chondrocyte phenotypes by immortalized chondrocytes in 
culture. Figure lA depicts the T/C-28a2 cell line in 
culture. 

Generation of these stable T/C-28 chondrocyte 
lines was accomplished most readily after further 

25 selection of neomycin-resistant cells by agarose 

suspension culture for 2 to 4 weeks, as described for 
chick embryo chondrocytes by Castagnola et al. f J. Cell 
Biol . 102 ; 2310-2317. 1986). For example, the non-cloned 
T/C-28 chondrocytes at passage 20 were incubated with 

30 trypsin-EDTA and the resulting cell suspension was washed 
and transferred to plates that had been coated with 1% 
agarose. These chondrocytes aggregated and began within 
24 h to form clumps that increased in size and number 
through the first week, as we have observed in agarose 

35 suspension cultures of normal human chondrocytes. After 
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10 to 14 days of agarose culture, the clunps began to 
disaggregate, become smaller and form a single cell 
suspension. Ittxen this suspension was replated in tissue 
culture dishes, a more homogeneous monolayer of polygonal 
5 cells was generated that proliferated readily in culture 
medium containing 10% PCS and reached confluence within 
one week. Confluent cultures formed nodules reminiscent 
of the original transformed foci. These agarose-selected 
cells, passaged weekly at subconfluence, have maintained 

10 stable morphology and proliferative capacity throughout a 
further 40 passages and have been used in the studies 
described below. Further cloning by limited dilution of 
the agarose-selected cells was easily accomplished 
directly after replatlng the cells on tissue culture 

15 plastic. Characteristics of both the uncloned population 
selected on agarose (T/C-28a2) and several of the cloned 
lines (e.g., 1-2 and D-8 clones) are described below. 

Both the C-20/A4 and T/C-28 chondrocyte lines have 
retained the capacity to produce immunoreactive T antigen 

20 throughout the various selection procedures. 

The T/C-28a2 cell line derived from the T/C-28 
population, as well as other similar lines, has 
maintained its chondrocyte phenotype for over 40 passages 
in culture. Lines with characteristics similar to T/C- 

25 28a2 may be isolated from the T/C-28 population or from 
primary chondrocytes using the described methods. 

II. Characterization of Chondrocytes. 

A. Overview of expression of cartilage-specific 
phenotypes by immortalised human chondrocytes. 
30 Stable proliferating lines of immortalized human 

chondrocytes have been generated, as described above, 
that express differentiated cartilage-specific phenotypes 
under defined conditions. Type II collagen synthesis 
with minimal type I collagen was observed in the agarose- 
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selected chondrocytes even in the presence of 10% 

FCS, but In cells continuously cultured in monolayer, 
type II collagen expression was best when the 
concentration of PCS was reduced to 0.5%. 10% PCS 
5 suppresses the capacity of the normal human chondrocytes 
to express regulatory sequences of the type II collagen 
gene in transient transfection experiments and removal of 
serum and addition of an insulin-containing serum 
substitute is permissive for expression of either 

10 endogenous type II collagen or the transfected type II 
collagen gene regulatory sequences even in subcultured 
chondrocytes. The immortalized chondrocytes display 
these features as well; the C*20/A4 and T/C-28 
chondrocyte lines can be grown and subcultured 

15 continuously in culture medium containing 10% PCS, and 
they exhibit high expression of type II collagen mRNA 
after one to several days of culttire in serum-free 
defined medium containing 1% Nutridoma-SP (Boehringer* 
Mannheim). Expression, of other cartilages-specific ' 

20 collagen mHNAs, including those for type IX and type XI 
can also be observed under these conditions and addition 
of I6F-I and/ or T6P-/9 may permit optimal expression of 
type II collagen mRNA. These immortalized cells also 
express cEirtilage-specif ic aggrecan mRNA, as well as the 

25 small proteoglycan biglycan and decor in mRNAs 

appropriately. Expression of mRNA encoding versican, a 
small proteoglycan not foxind in cartilage, has not been 
observed under any condition of culture. 

Immunocytochemical analyses reveals that the T/C- 

30 28 chondrocytes synthesize and deposit in the 

extracellular matrix proteins Immunoreactive with anti- 
proteoglycan (chondroitin-4-sulfate and large 
proteoglycan, from Seikagaku, Tokyo, Japan) and type II 
collagen (from Chemicon, Temecula, GA) monoclonal 

35 antibodies. When the cells were plated on the chamber 
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slides and maintained in cultxire medium containing 10% 
FCS, no immunoreactive type II collagen or proteoglycan 
could be demonstrated. When the FCS was removed and 1% 
Nutridoma was added for 1 to 3 days, type II collagen and 
5 proteoglycan immunoreactivity %ras observed* Kben 
ascorbate was added to the cultures during the final 
incubation period with Nutridoma, both type II collagen 
and proteoglycan were deposited in the matrix. In the 
absence of ascorbate, the type II collagen 

10 immunoreactivity remained within the cells and the 
staining for proteoglycan was punctate rather than 
diffuse in the extracellular matrix. Staining for the 
nonspecific chondroitin-O-sulfate was not observed under 
any condition. 

15 A comparison of the characteristics of 

representative immortalized human chondrocyte cell lines 
and primary human chondrocyte cell lines is shown in 
Table 1. 

B. Probes used to oharacteriee immortalised* human 
20 ehondroeytes. 

Collagan Probes. 

Synthesis of ceurtilage specific collagens (types 
II, IX and XI collagens) may be detected versus the 
following probes: Type II collagen mKNA may be detected 

25 using the )hiQColll probe, which is a 3.8 kb genomic 
fragment of the human al(II) procollagen gene encoding 
amino acids 892 to the end of the C*propeptide (-1150 
nucleotides of exon material) (Sandell, L.J. J> Cell 
Biol, 99J405, 1984; Goldring et al., J- Btol, Chem. 261: 

30 9049-9055, 1986; Goldring et al. , J. Clin. Invest. 82: 
2026*2037, 1988; Sandell et al.. Conn. Tiss. Res. 17: 11- 
22, 1988); or the pkThl330 probe, which is a -600-bp 
fragment encoding a helical portion of the type II 
collagen chain near the C-propeptide and was cloned using 

35 a human costal chondrocyte library available from Dr. T. 
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Kinura, Osaka, Japan and Dr. N. Goldrlng, Boston, HA); 
also useful is pCAT>B/4.o , which includes the 5 '-flanking 
regulatory sequences (-577 to -^3428) of the human type II 
collagen gene including the promoter and an enhancer in 
5 the first intron (Ryan et al., Genomics 8; 41-48, 1990; 
Goldring et al., Arthritis Rheum, 34: S106, 1991; and 
Sandell et al., Orthonaed, Res, Trans. H: 1, 1992b. 

Type IX collagen dRNA may be detected using the 
pkThl23 probe which includes 600 bp cDNA encoding a 
10 portion of the human al(IX) procollagen subunit, prepared 
using a cDNA library prepared from a human costal 
chondrocyte loRNA (Goldring et al., J. Clin. Invest. 82: 
2026-2037, 1988; Kimura et al., Eur. J. Biochem. 179: 
71-78, 1989) • 

15 Type XI collagen transcription may be detected 

using the pkThlSl probe which is a 1265 bp cDNA encoding 
a helical portion of the human a2(XI) procollagen siibunit 
(Kimura et al., J, Biol. Chem. 264: 13910-13916, 1989). 
Collagens which are not present in articular 

20 cartilage but associated with chondrogenesis and/or 
growth plates include Type X and Type IIA collagens* 
Type X collagen probes are used to assess chondrogenic 
potential of cloned lines (Sandell et al., orthopaed. 
Res. Trans. 17: 1992)) and Type IIA probes which reveal 

25 alternatively spliced type II collagen mRNA may also be 
used (Sandell et al., J. Cell Biol 114: 1307-1319, 1991; 
Sandell et al.. Articular Cartilage and Osteoarthritis. 
1992). 

Other collagens of importance in characterizing 
30 potential immortalized chondrocyte lines include Type I 
collagen and Type III collagen, since they are detected 
only in dedifferentiated chondrocytes. Transcription 
from the Type I collagen gene may be detected using the 
Hf677 probe which is a 1500 bp cDNA encoding part of the 
35 al(I) procollagen subunit (Chu et al.. Nucleic Acids Res, 
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10: 5925-5934, 1982; Goldring et al., J. Biol, Chea, 262: 
16724-16729, 1987; Goldrlng et al., 1988); or fiimi 
which is a 1500 bp cDNA probe encoding part of the a2(I) 
procollagen subiinit (Bernard et al.. Biochemistry 22: 
5 1139-1145, 1983; Goldring et al., J. Biol. Cfacm, 262: 
16724-16729, 1987; Goldring et al., J. Clin, Invest, 82: 
2026-2037, 1988). Transcription from the type III 
collagen gene is detected using the pHC IIT**1 probe, a 
1885 bp cDNA encoding the C-propeptide and portions of 
10 the helical and untranslated regions of al(III) 

procollagen (Hiskulin et al., Biochemistry 25: 1408-1413, 
1986; Goldring et al., J. Biol. Chem. . 262: 16724-16729, 
1987; Goldring et al., J. Clin Invest. . 82: 2026-2037, 
1988) • 

15 Collagens may also be detected using 

Imnunoreactive antibodies which are readily available. 
Proteoglycan Probes. 

The following probes are discussed in Herlng et 
al., Qrt^hPPflgdi Reg« Trangf 17: 682, 1992 and can be used 
20 to monitor the synthesis of proteoglycans. Cartilage- 
specific proteoglycan synthesis may be detected using 
either nucleic acid probes or specific immunoreactive 
antibodies to Aggrecan (CSPG, large aggregating 
proteoglycan), Link protein, Biglycan (PG-I, also called 
25 PG-40) , and Decorin (PG-II) . 

No cartilage-specific proteoglycans may be 
detected using Versican. 

House-keeping gene probes. 

Glyceraldehyde-3 -phosphate dehydrogenase (6APDH) 
30 cDNA probe may be used to monitor the general status of 
transcription of genes required for cellular maintenance 
functions (MacNaul et al., J. Biol. Chem. . 265: 17238- 
17245, 1990). 

Proteinase and proteinase inhibitor probes to 
35 detect chondrocyte cell line responses to cytokines. 
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Collagenase gene expression is monitored using 
XHF i which is a cDNA probe for human procollagenase which 
is a 1.5 kb Xbal cDNA fragment (Stephenson et al., 
Bieehem. Biophvs, Res, Commun. 144: 583-590, 1987; 
5 MacNaul et al., J. Biol. Chem. , 265: 17238-17245, 1990). 
Stromelysin gene expression is monitored using a 1.8 kb 
PstI cDNA fragment (MacNaul et al., {t. Biol, crhem, . 265: 
17238-17245,1990). Tissue inhibitor of 
metalloproteinases (TIMP) is monitored using 0.9 kb 

10 aincll cDNA fragment (MacNaul et al., jr, pj^Qlt Che^«., 
265: 17238-17245, 1990). The above three cDNA probes are 
provided by Dr. Nancy I. Hutchinson, Merck, Sharp & Dbhme 
Research Laboratories, Rahway, NJ. Plasminogen activator 
and PA inhibitor probes, are also generally available. 

15 TranseriptioB factor probes, c^iun transcription 

was monitored using a cDNA (pH540) encoding human c-Jun 
(Nakabeppu et al.. Cell 55 : 907-915, 1988); Jut^ 
transcription was monitored using a 1800 bp cDNA 
(P465.20) encoding mouse Jun B (Ryder et al., pyoc, V^tl^ 

20 Acad, sci. USA 85: 1487-1491, 1988); £gczi transcription 
was monitored using a 3.1 kb EcoRl cDNA fragment (0C3.1) 
(Sukhatme et al.. Cell 53: 37-43, 1988); and ctos was 
monitored using a cDNA provided by Dr. R. Tijian, 
Berkeley, OA (Rauscher et al., Ssienss, 240: 1011-1016, 

25 1988). 

Other available probes. 

The following probes are available for the 
characterization of chondrocytes. 

For assessment of osteogenic potential the 
30 following probes may be used: hon*164 (human 

(osteonectin (0.5 kb) ; hon-2 (human osteonectin (1.9kb, 
for riboprobe) ) ; OP-lO (human osteopontin) ; BG-5a (human 
BSP-II) ; Elfi (human PG-I (biglycan) ; e2 (human PG-II 
(decorin, PG-40) ; pSP65 (human osteocalcin) ; and a human 
35 calcitonin receptor probe is also available. These 
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probes were obtained from Drs. Marian Young and Larry 
Fisher, National Institutes of Health, Bethesda, MD, in 
collaboration with Dr. S. Goldring, Massachusetts General 
Hospital, Boston, Vk. 
5 For the assessment of basement membrane-specific 

mRNAs the following probes may be used: pi236 (human 
laminin 81); p1237 (human laminin B2); and fil222 (cDNA 
encoding a2(IV) collagen chain of h\iman type IV 
collagen) • These probes may be used to rule out 

10 endothelial cell contamination and were obtained from Dr. 
Y. Yamada in collaboration with Dr. S. Goldring, 
Massachusetts General Hospital, Boston, MA. 

For the assessment of cytokine mRNAs the following 
probes may be used: pBACSFRI (human M*-CSF) ; probes for 

15 human GMCSF; probes for human G-CSF; pXM209 (human IL-6); 
and pXMt2 (human IL*7). These probes are availcd:>le from 
Dr. S. Clark, Genetics Institute, Andover, MA and Dr. 
Steven Goldring, Massachusetts General Hospital, Boston, 
MA) • In addition, human IL*la and IL-1^ probes available 

20 from Dr. P. Auron may be used for the identification of 
IL-1 gene expression. 

C. Immortalized human ohondrooytes express type 
IX ^ type IZ and type ZI collagen aiRNA. 

The C-20/A4 line expressed chondrocyte-specif ic 

25 type II collagen mRNA when the cells were cultured in the 
presence of Nutridoma (Figure 2) • The probe used to 
detect the presence of type II collagen RNA was the 
al(II) procollagen cONA probe (pkThl330) (Kimura et al., 
1989, Eur. J. Biochem. 179:71). The cell line T/C*28a2 

30 also expresses type II collagen mRNA (Fig. 3A and 3B) . 

Analysis of RNA was done in the following manner: 
cytoplasmic RNA for dot blots was prepared by the method 
of White and Bancroft (1982, J. Biol. Chem 257:8569) and 
as described previously (Goldring and Krane, 1987, supra; 

35 Goldring et al., 1988, supra; and Goldring et al., 1986, 
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J. Biol. Chem, 261:9049). Total RNA for Northern blots 
was extracted according to a method adapted from 
Chomczynski and Sacchi (Anal Biochemi 1987, 162 ; 156) , 
Chondrocytes (>1 X 10^) from 6- or 10-cm plates were 
5 lyzed directly In 500 Ml (final volume) of Solution D (4 
M guanidinium thiocyanate, 25 iM sodium citrate, pH 7.0, 
0.5% sarcosyl, O.IM 2-mercaptoethanol) and sheared with a 
27-9auge needle either before or after freezing at -80 •C. 
The RNA was then extracted at 4*C by sequential addition 

10 of 2 M sodium acetate (50 ^1) , pH 4.0, water saturated 
phenol (500 ftl) , and chloroform/ isoamyl alcohol (49:1; 
100 fil) and precipitation of the aqueous phase with an 
equal volume of isopropanol. The RNA pellets were 
dissolved in 50 iil of DEP-*treated 0.01 H HEPES. 

15 Alternatively, total SNA from >10 X 10^ cells was 
extracted as described by Sandell and Daniel (supra) • 
The final preparations gave yields of approximately 10 fig 
of RNA per 1 X 10^ cells with the appropriate A2eo«A280 
ratio of approximately 2.0. Northern blots were prepared 

20 on either nitrocellulase or BAS-85 membranes (Schleicher 
& Schuell) as described previously (Goldring and Krane, 
1987, supra; Goldring et al., 1988, supra; and Goldring 
et al., 1986, supra). Staining of 18S and 28S RNA bands 
in agarose gels with ethidium bromide and hybridization 

25 of Northern blots with glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) cDNA probe (MacNaul et al., 1990, 
J. Biol. Chem. 265 :17238) were employed to monitor 
uniform loading of RNA on Northern blots. Labeling of 
probes by nick translation and hybridization were 

30 performed as described (Stephenson et al. , 1987, Biochem. 
Biophys. Res. Commun. 1M:583; Goldring and Krane, 1987, 
supra; Goldring et al., 1988, supra). 

Expression of type II collagen is a hallmark of 
mature differentiated chondrocytes. The finding that the 

35 C-20/A4 on T/C-28a2 cell lines express type II collagen 
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inRNA at levels comparable to mature primary chondrocytes 
provides strong evidence that these cell lines have 
maintained the characteristics of differentiated primary 
chondrocytes. 

5 The pXXhl23 and {iRThlSl probes were used to 

monitor the expression of type IX and type XI collagen 
gene expression, respectively, in immortalized hximan 
chondrocytes. Using techniques cmalogous to those used 
to monitor type II expression, above, il: was found that 

10 both type IX and type XI collagens are expressed 

appropriately in immortalized chondrocytes, e.g., the 
e3epression profile is similar to that which is observed 
in primary human chondrocytes under similar conditions. 
D. Transcription of Collagenase mIUI& and early 

15 genes is stimulated by IL*1 in both primary human 
chondrocytes and immortalized human chondrocytes. 

Interletikin-1, a product predominantly of 
monocytes, increases the synthesis and release of 
procollagenase and prostaglandin £2 by mesenchymal target 

20 cells such as synovial fibroblasts and articular 

chondrocytes, an effect mimicked by some phorbol esters, 
i) Primary chondrocyte responses. 
Primary cultures of human articular chondrocytes 
were preincubated with recombinant human interleukin 1^ 

25 or the phorbol ester, phorbol 12-myristate 13-acetate, in 
the presence or absence of the cyclooxygenase inhibitor, 
indomethacin. Interleukin Ip or phorbol ester increased 
the levels of procollagenase (assayed after trypsin 
activation) and the labeling of several medium proteins 

30 by cells incubated with [^^S]methionine/ independent of 
prostaglandin synthesis. The labeling of 55 kD protein 
immunocomplexed with suitibodies to procollagenase was 
also increased. The increased synthesis of 
procollagenase was paralleled by increased cellular 

35 levels of procollagenase mRNA, determined with a cDNA 
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probe coding for himan procollagenase. Thus the 
increased synthesis of procollagenase in response to the 
inflammatory mediator, inter leiikin 1, is controlled at a 
pretranslational level, possibly at the level of 
5 transcription. The results are reported in Stephenson et 
al.| Biochemical and Biophysical Research Communications 
144:583-590, 1987), hereby incorporated by reference, 
ii) Immortalized chondrocyte responses. 
Both the C-20/A4 and T/C'-28a2 immortalized 

10 chondrocyte lines demonstrated responses to IL-1 similar 
to those that ve demonstrated previously in normal humem 
chondrocytes, including decreased expression of 
cartilage-specific matrix genes and increased expression 
of matrix metal loproteinase and immediate early genes. 

15 The time courses of expression of the immediate 

early genes egr-l, c-^un and Jun B, the collagen genes 
al(II) and al(I) procollagens, and the metal loproteinase 
genes collagenase and stromelysin were monitored in the 
same experiments using primary cultures of himan 

20 chondrocytes, and the kinetics of their induction or 
suppression by IL-l were compared. The C-20/A4 or T/C- 
28a2 condrocytes were plated and grown for three days in 
culture medium containing 10% PCS. The cells were then 
made quiescent by serum starvation for 16-24 h in culture 

25 medium containing 1% Nutridoma. IL-1 was then added in 
the absence or presence of the protein synthesis 
inhibitor cycloheximide (CHX; 10 ^g/ml) , the incubation 
continued for 24 hours and the cells harvested at various 
time points for extraction of total 'RNA and Northern blot 

30 analysis. 

Type II collagen mRNA was detected in both 
immortalized chondrocyte cultures and increased with time 
throughout the 24 h of incubation in 1% Nutridoma. At 1 
h, IL-1 had no effect on type II collagen mBNA levels in 

35 the C-20/A4 chondrocytes, but a slight suppression by IL* 
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1 was evident in the T/C-28a2 chondrocytes at both 1 and 
6 h. A >60% suppression was achieved by 24 h. CHX could 
be observed to suppress type II collagen mRNA levels, 
particularly at 24 h, but it did not reverse or enhance 
5 the effect of IL-l. These results are consistent with 
previous experiments using normal human chondrocytes that 
indicated that the inhibitory effect of IL-1 on type II 
collagen synthesis was not a result of decreased al(II) 
procollagen mRNA stability but suggested that 

10 cycloheximide may block the synthesis of an IL-l-induced 
repressor factor for al(II) procollagen gene 
transcription. Type XI and IX collagen mRNAs shoved 
similar appropriate expression patterns. 

Addition of IL*1 to quiescent cdiondrocytes 

15 induced, within 1 h, high levels of egr-1 and jun B (and 
c-Jun)- mRNAs which declined rapidly thereafter (Yamin et 
al., J. Bone Mineral Res. 2^5120, 1992). Incubation with 
CHX augmented the levels of these mRNAs and prolonged the 
IL*! induced expression past 6 h. The stimulation of 

20 egr-1 mRNA by IL-1 appeared to be specific for normal as 
well as these immortalized chondrocytes, since serum, but 
not IL-1, induced egr-1 mRNA in synovial and dermal 
fibroblasts and osteoblast-like cells, while IL-1 induced 
early transient expression of both c^jun and jun B mRNAs 

25 in all cell types studied thus far. - Interestingly, egr* 
1 mRNA was expressed in a somewhat reciprocal manner 
compared with type II collagen mRNA. This was 
particularly appeurent in the T/C-28a2 cells that 
demonstrated low constitutive expression of egr-l. The 

30 C-20/A4 cells consistently expressed relatively high 

constitutive levels of egr-l mRNA at 1 h and lower levels 
of type II collagen mRNA cospared with the T/C-28a2 
cells. When the immortalized chondrocytes were Incubated 
in the presence of FCS, however, the expression of type I 

35 collagen mRNA with little type II collagen mRNA was 
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favored. In addition, c-jun nRNA was detected and 
ixpregulated by IL-l, while egr-1 and jun B were barely 
detectable and only slightly upregulated in the presence 
of IL-1. 

5 Constitutive levels of stromelysin nRNA were 

observed in both the C-20/A4 and T/C-28a2 chondrocytes. 
This expression %ra8 relatively stable at least up to 6 h^ 
but induction by IL-1 was apparent by this time point. 
The inhibitory effect of CHX, however, on the induction 

10 by IL-1 of the levels of collagenase and stromelysin 
slRNAs was not apparent until 24 h. In normal human 
chondrocytes constitutive levels of these 
metalloproteinase mRNAs are low or undetectable and the 
induction by IL-1 is fully blocked by CHX. No change in 

15 GAPDH mRNA with time or in response to IL-1 was 
observable in these experiments. 

E* lauelear run-on transcription of the type II 
eollagen gene is inhibited by IL-I and iTK-r in primary 
and immortallBed himan ehondrooytes* 

20 The nuclear nm-off transcription assays were done 

as follows: Human immortalized costal chondrocytes were 
incubated for 42 h in the absence of presence of 11^1 fi or 
IFN-Y in medium containing 10% FCS. • The cells were 
washed in cold hypotonic buffer (20mM HEPES, pH 7.5, SiilM 

25 KCl, 0.5 mM MgCl2, 0.5 mM DTT) containing 0.2M sucrose, 
resuspended in hypotonic buffer containing no sucrose, 
placed on ice for 10 min and lysed with 5-8 strokes in a 
Dounce homogenizer. The resulting nuclear pellet after 
centrifugation at 500 X g for 5 min was resuspended in 

30 storage buffer containing 40% glycerol, SOmM Tris-HCl, pH 
8.0, 5 mH Mg acetate and O.lmH EDTA and stored in 100 ^1 
aliquots containing 1 to 5 X 10^ nuclei at -70*C. The 
nuclei were then labeled once with a-^^^P-U T P for 30 min 
at 30*C. The labeled RNA was extracted once with water- 

35 saturated phenol-chloroform (2:1) and unincorporated 
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nucleotides were removed from the RNA by 2 sequential 
precipitations with 70% ethanol. Hybridizations were 
preformed at 42*0 for 48 h using 1 X 10^ cpm of labeled 
RKA and 2 /Jtg of each respective linearized plasmid DKA 
5 immobilized on one strip of nitrocellulose per condition. 
It has been reported previously that human 
recombinant preparations of either or IFN«-y could 

suppress the synthesis of type II collagen in cultured 
human adult articular or juvenile costal chondrocytes 

10 (Goldring, M.B., et al., 1988, J. Clin, Invest >, 82:2026- 
2037, Goldring, M.B», et al., 1986, J, Biol, Chem, , 
261:9049-9055). This suppression was associated with a 
decrease in the levels of al(II) procollagen mKNA. To 
determine whether this reduction in type II collagen mRNA 

15 levels was due to decreased transcription of the type II 
collagen gene, nuclear run-on experiments were carried 
out on nuclei isolated from human costal chondrocytes 
after treatment with either IL-1^ or IPN-y for 24 h. 
Nuclear run-off transcription assays demonstrated that 

20 the suppressive effects of Ih-lfi and IFN-y on type II 
collagen gene expression are mediated primarily at the 
level of transcription. The signal* of type II collagen 
gene transcription In chondrocytes at day 11 of culture 
%ias very strong conqpared with the other non-cartilage 

25 collagen genes consistent with the relative levels of 
procollagen mlUYAs that we reported previously (Goldring, 
M.B., et al., 1988, J. Clin. Invest .. 82:2026-2037, 
Goldring, M.B-, et al., 1986, J, Biol, Chem. . 261:9049- 
9055) • Labeled nascent transcripts from each incubation 

30 condition were hybridized to separate strips of 

nitrocellulose containing 2 ng of each unlabeled DNA 
encoding al (II) procollagen, pBR325 plasmid and ^-actin. 
IL-1 treatment of the chondrocytes resulted in a 
significant reduction in transcription of the type II 

35 collagen gene (Figure 7) « Preincubation of chondrocytes 
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with IL-1 in the presence of Indomethacin potentiated 
this suppression consistent with effects we had shown 
previously on type II collagen synthesis and xnRNA levels 
(Goldring, H.B., et al., 1988, J. Clin, invest,. £1:2026- 
5 2037, Goldring, et al., 1990, ff, la^ewatPl 

lll£lam£.# 1^:10-21). The signals for transcription of 
the al(I) and a2(I) procollagen genes were weak such that 
effects of IL-1 could not be assessed. Interestingly, 
the signal for al(III) procollagen gene transcriptipn was 

10 strong and a stimulatory effect of IL-l was observed. 

IFN-Y also decreased transcription of the type II 
collagen gene (Figure 8A and 8B) • This effect was 
somewhat dose-dependent with maximal (>95%) suppression 
at a relatively high concentration of 500 units per ml of 

15 IFN-V8.7 (Figure 8A) . Transcription of the a2(I) and 
a2(III) procollagen genes was also inhibited by IFN-y* 
Suppression by IFn-y of transcription of the ol(I) and 
Ql(II) procollagen genes was observed when the leQ^eled 
transcripts were hybridized to the respective DNAs which 

20 has been run on agarose gels prior to blotting on 

nitrocellulose (Figure 8B) • Hybridization against PBR325 
plasmid DNA or a /3-actin cDNA showed that these effects 
of IFN-Y were specific. Dot hybridization analysis of 
cytoplasmic RNAs extracted from parallel cultures 

25 demonstrated similar inhibitory effects of IL-1^ and IFN- 
Y on the levels of al(II) procollagen mRNA, as well as 
the effects of these cytokines on levels of al(I), a2(I) 
and a (III) procollagen mRNAs that have been reported 
previously (Figure 9) (Goldring, M.B., et al,, 1988, 

30 J. Clin. Invest. . 82:2026-2037, Goldring, M.B., et al., 
1986, J. Biol. Chero. . 261:9049-9055j . 

F* Cba&ges in mRMA stability do not account for 
the effects of IL-l on the synthesis of type I or type II 
collagens by primary human chondrooytes. 
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Experiments with the protein synthesis inhibitor 
cycloheximide (CHX) and the mRNA-specif ic transcriptional 
inhibitor 5 . S-dichloro-l-^-D-ribofxiranosylbenz imidazole 
(DRB), (Zandomeni, R. et al., 1986, J. Biol. Chem. 
5 261:3414-3419), vere caxxied out to determine whether the 
inhibitory effects of IL*1 on the expression of type II 
collagen mRNA are mediated at the level of mRNA 
stability, for these experiments, siibconf luent 
Qhondrocytes were made quiescent by preincubation in the 

10 presence of 0.5% FCS for 12-24h. CHX (10 fi/ml) was then 
added in the absence or presence of IL-1 and/ or 
indomethacin and cells were harvested for extraction of 
total RNA after 3, 6, and 24 hours of Incubations. 
Northern blot analysis demonstrated that CHX reversed the 

15 IL-l-induced suppression of levels of al(II) procollagen 
aflOIA at all three time points, but only partially at 24 h 
(Figure 10) • This effect of CHX was also observed in 
another experiment in which DRB (lO/ig/i&l) was added after 
24 h of incubation with IL-1, indomethacin and/or CHX. 

20 Northern blot analysis of total RNAs harvested from cells 
after 5, 10 and 24 h of incubation with DRB demonstrated 
no change in the relative stability of the 5.5 kb type II 
collagen transcript under the different preincubation 
conditions (Figure 11). Similar effects of CHX and DRB 

25 have been observed in at least three separate 
experiments. 

To determine whether protein synthesis is required 
for the IL-1- induced increase in the accumulation of 
al(I) procollagen mRNA levels, duplicate blots prepared 

30 for the experiments shown in Figures 10 and 11 were 
probed at the same time with the ^^P-labeled al(I) 
procollagen cDNA. CHX had no significant effect on the 
levels of type I collagen mRNA in the absence of IL-1 
(Figure 10) . Although no IL-1- induced increase in the 

35 level of . al(I) procollagen mRNA was observed after 3 and 
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6 h Of treatment with IL^l, coincubation with CHX 
Increased the levels of al(I) procollagen mRNA above 
those observed with IL-1 alone. In contrast, the 
Increase In the level of al(I) procollagen nRKA observed 
5 after 24 h of treatment with IL-l^ was inhibited toy CHX. 
This effect of CHX on type I collagen nRNA was also 
observed at 24 h in another experiment shown in Figtire 
11. These effects of IL-l and CHX, however, could not be 
accounted for by changes in type I collagen mRNA 

10 stability, since there was no change in the slopes of the 
decay ciirves during Incubation with DRB. 

Indomethacin was added in these experiments 
because we showed previously that increased 
concentrations of PGEs prevent the stimulatory effect of 

15 IL-1 on type I collagen gene expression. In the 

experiment shown in Figure 10, incubation of chondrocytes 
for 24 b with IL-l increased the levels of type I 
collagen mRNA in either the absence or presence of 
indomethacin. . In the experiment shown in Figure 11, 

20 however, the level of type I collagen mRNA was decreased 
softer incubation for 24 h with IL-1 alone, but 
coincubation with indomethacin reversed this suppression 
and unmasked the stimulatory effect of IL-1. The 
apparent discrepancy between the two experiments may be 

25 accounted for by the different concentrations of serum 
used. Although in both experiments, the cells were 
sertim-starved by incubation in 0.5% FCS for 24 h prior to 
the addition of IL-1, indomethacin and CHX, the 
subsequent incubations were performed in 0.5% FCS (with 

30 medium change} in the experiment shown in Figure 10 and 
in 1*0% FCS (with medium change) in the experiment in 
Figure 11. These differences in serum concentrations and 
medium renewal could result in differences in the 
availability of arachidonic acid substrate for 

35 prostaglandin synthetase with low concentrations of PGE2 
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produced in response to IL-1 under conditions of serum 
starvation. 

6. Effects of IL--1 on the synthesis of type I or 
type Zl collagens by immortalised human ohondroeytes: 
5 Assay for mRNA stability. 

The stability of type Z and type ZZ collagen 
jtiSHk'a following ZL^l administration may be determined 
for immortalized chondrocytes. This determination may be 
made using the techniques described in Section (E), 

10 above, on candidate cell lines. 

H. Inhibition of expression of the type ZZ 
collagen gene by lL-1 and IFH*y in primary chondrocytes 
in transient expression experiments* 

The complete DNA sequence of the 5' portion of the 

15 human type ZZ procollagen gene (C0I«2A1) has been 

published (Ryan, M.C., et al., 1990^ Genomics, 8:41-48). 
Availability of the C0L2A1 promoter/ first intron 
construct (pCAT*B/4.0) has allowed examination of its 
expression for. the first time in human chondrocytes. 

20 This construct contains potential regulatory sequences 
that are homologous to silencer sequences responsive to 
f ibroblast-specif ic nuclear factors in the upstream 
promoter region and a tissue-^specific enhancer element in 
the first intron (Ryan, M.C., et al., 1990, Genomics . 

25 £: 41-48). We used the pCAT-B/4.0 construct to determine 
the conditions required for its expression in hvunan 
chondrocytes and to determine whether its expression 
could be inhibited by ZL-1 and ZFN-y» 

The pCAT-B/4.0 plasmid construct was prepared in 

30 the following manner: A plasmid containing 4.0 kb of DNA 
sequences of C0L2A1, including -577 bp of upstream 
promoter sequence and 3428 bp downstream of the mRNA 
start site (242 bp of exon 1 and approximately 2/3 of the 
first intron) , was constructed using the pCAT* -Basic 

35 plasmid (Promega) . This 4.0 )cb Pst Z fragment was cloned 
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Into the PstI site located iamiediately upstream of the 
CAT gene and the plasmid vas transfected into the JM109 
bacterial strain and grown in the presence of ampicillin. 
The transient expression assay was performed using 
5 immortalized chondrocytes from the C-20/A4 line* 

Immortalized chondrocytes were plated at 0.5 X 10® cells 
per 100-mm dish in Ham's F12/DMEM (1:1) containing 10% 
FCS and allowed to settle down for 24 hr. The medium was 
then changed and the cells transfected with 10 /tg of 

10 plasmid UNA by the calcium-phosphate method (4h) followed 
by glycerol shock (2 min) . After washing, the cells were 
allowed to recover in cult\ire medium containing Ham's 
F12/DMEM/10% FCS, The mediim was then changed to Ham's 
F12/DHEM containing 1% Nutridoma-SP (Boehringer- 

15 Mannheim). IL-l or IFN-y were added after 16 hours of 
incubation in Ham's F12/DNEM/1% Nutridoma (Recovery 
experiments) or IL-1^ or IFN«y vere added immediately 
following glycerol shock, and washing, in the 
concentrations shown in Ham's F12/DMEB/1% Nutridoma (No 

20 Recovery Experiments) . The cultures were incubated for 
24-48 h and harvested for CAT assays Cell extracts were 
assayed for CAT activity by the f luor diffusion method 
(Neumann et al,, Biotechnloues (1987) 5:444 and Eastmaim, 
Blotiechnicnies (1987) 1:730). Data points for graphs were 

25 selected from a time point on the linear part of the 
curve. 

Monolayer cultures of chondrocytes isolated from 
two separate costal cartilage specimens (C-32 and C-33 at 
passage 2 and 1, respectively) were plated either on 

30 agarose, as described by Castagnola et al. (Castagnola, 
P., et al., 1986, J, Cell Biol. . 10^:2310-2317), or 
tissue culture plastic in Ham's F12/DSCEH containing 10% 
FCS and cultured for 2 weeks with weekly medium changes. 
The cells on agarose were then transferred to tissue 

35 culture plastic and those on plastic were passaged to 
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clean dishes at 10^ cells per lOO-mm dish and allowed to 
settle down for 24h. The medium was then chemged and the 
cells transfected with 10 /ig of plasmid DNA by the 
calci\m*phosphate method (4h) followed by glycerol shock 
5 (2 min) . After washing, the cells were allowed to 
recover overnight in 10% PCS. Separate cultures were 
then inciibated in culture medium containing 10% PCS, 1% 
Nutridoma-SP or 1% ITS4- without or with hlW (100 pg/ml) 
for 24 h and harvested for CAT assay. 

10 The pCAT-B/4*0 plasmid did not express in 

chondrocytes Incubated in the presence of 10% FCS| 
whether or not they had been passaged over agarose. The 
pGAT-B/4.0 plasmid did escpress in chondrocytes after 
either agarose or monolayer culture in the presence of an 

15 insulin*-containing serum substitute, particularly in 1% 
Nutridoma. Another insulin-containing serum substitute, 
ITS+, was also permissive for expression of pCAT-B/4*0 in 
chondrocytes but was more effective in cultures that had 
been redifferentiated on agarose than in those that had 

20 been subcultured only on tissue culture plastic. All 
further transient expression assays were performed, 
therefore, in culture mediiim containing 1% Nutridoma. 

The effects of recombinant preparations of human 
IL-^ and IL-a at 50, 200 and 500 pg/ml on transient 

25 expression of pCAT-B/4.0 were compared in chondrocytes 
(passage 2) that had been subcultured on tissue culture 
plastic. Both IL-1/9 and IL-la inhibited C0L2A1 
expression in a dose-dependent manner* Ih^ip was more 
potent that IL*o, consistent with their relative effects 

30 on type II collagen synthesis and levels of q1(II} 

procollagen that we had observed previously (Figure 13). 
In addition, indomethacin potentiated the inhibitory 
effect of IL-1^ added at 50, 100 and 500 pg/ml (Figure 
14). 
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The expression of pCAT-B/4.0 vas tissue^specif Ic 
but not specles-speclflc, since it expressed in rat 
chondroblasts but not in human dermal fibroblasts. 
Moderate expression of pCAT-B/4.0 could be observed in 
5 the conditions, although expression vas lover than in 
human chondrocytes; this expression vas inhibited by 
human and by human IFN-y (Figure 15) . Human XL-la 

also %ras an effective inhibitor of pCAT-B/4.0 expression 
in the rat chondroblasts (data not shovn) . Hovever, 

10 murine IFN^-y was used in the rat cultures, since IFN-y is 
relatively species specific. No expression of pCAT-B/4.0 
could be observed in human dermal fibroblasts (Figure 
16) • Furthermore, the pCAT-Control expressed in human 
fibroblasts (Figure 16} , as veil as in the rat 

15 chondroblasts (Figure 15) and human chondrocytes (not 

shovn) , but this eacpression vas not inhibited by IL-1 and 
IFN-Y* These results indicate that=IL-l- and IFN-v 
responsive elements reside in the 5 '-flanking sequences 
of the 00L2A1 rather than in the SV40 or plasmid DNA 

20 sequences in pCAT-B/4.0 construct. 

When the 0.6 kb EcoRl/BamHl fragment (+2680/+3370) 
vas removed by reducing the construct to +2400 (pCAT- 
B/2.9), the expression in chondrocytes vas reduced 
markedly (Figure 17) • virtually no expression vas 

25 observed vhen the construct vas reduced to -1-1400 (pCAT«- 
B/2.0). Interestingly, IL-1^ inhibited the residual 
activity of the pCAT-B/2.9 construct. These results 
suggest that the negative regulatory element important 
for the response to lL-1 is not contained in the domain 

30 spanning +1400 to +3500, but is likely to be in the 

promoter region or possibly in the first part of intron 
1. 

X« Inhibition of egression of the type II 
collagen gene by IL-l and IFN-y in immortalised human 
35 chondrocyte transient expression experiments. 
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The C-20/A4 cell line responds to both IL-1^ and 
IFN-y by suppressing the expression of the cartilage- 
specific type II collagen gene (C0L2A1) when presented on 
a transiently trsmsfected plasmid. This expression was 
5 monitored using a C0Ii2Al-caiT vector. Figure 17B shows 
the expression from the pCAT-B/4.0 vector in response to 
the addition of either IL-1^ or IFN-y. The bar graph at 
the left indicates the level of CAT in response to 
increasing concentrations of IL-lp» The bar graph on the 

10 right indicates the level of CAT expression in response 
to IFN-Y* Recovery and no recovery conditions of the 
transient expression assay are described above, IL-1^ 
was obtained as described above. Recombinant 
preparations of human IFN-y (2 X 10^ or 2.65 X 10^ 

15 units/mg) or mouse IFN-y (17.4 X 10^ or 5.2 X 10^ 

units/mg) were obtained from Genentech, Inc. or they were 
piurchased from AHGEN, Thousand Oaks, CA (hlFN-y, » 1 X lo'^ 
units/mg) or from Genzyme, Boston, MA (mIFN-y, 9 X 10^ 
units/mg) . 

20 Suppression of type II collagen production in 

chondrocytes in response to both IL-1/9 and IFN-y has been 
shown to occur in primary human chondrocyte cultures 
(Goldring et al., 1988, supra; Goldring et al., 1986, 
supra) . In addition, IL-l^ has been shown to decrease 

25 type II collagen mRNA in intact cartilage (Tyler and 

Benton, 1988, Coll. Relat. Res. 8:393). Type II collagen 
is a cartilage specific gene and the suppression of type 
II collagen gene expression which is observed in 
chondrocytes in response to both IL-l/J and IFN-y is a 

30 phenotype of fully differentiated chondrocytes. The 
finding provides a further demonstration of the fully 
differentiated phenotype of the C-20/A4 cell line. 
Similar results are obtained with the T/C-28a2 cell line. 
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J. CharacteriBatlon of C0L2AZ regulatory 
sequences that respond to iL-i-lnduced transoription 
factors in tmmortalized chondrocytes: 

Ke shoved previously that IL-1 suppresses 
5 transcription of the type II collagen gene (C0L2A1) in 
huinan chondrocytes. To determine the DNA sequences that 
respond to IL-l, a plasmid containing various portions of 
the promoter, exon 1 and intron 1 of C0L2A1 fused the 
chloramphenicol acetyl transferase jCAT) reporter gene 

10 were transfected in the immortalized chondrocyte lines C- 
20/A4 and T/C-28a2. High levels of expression of pCAT- 
B/4.0 with C0L2A1 sequences spanning -577 to +3428 were 
observed in both lines in the presence of 1% Mutridoma* 
SP. This expression was ixihibited by IL-1 by 50-80t. 

15 Deletion of the putative enhancer region markedly reduced 
activity, but the residual activity of the pCAT-B/2.9 (- 
577/+2368} was suppressed by IL-l. The promoter 
constructs pCAT-E/0.7 (-577/+63) and pCAT-E/0.2 (- 
131/+63) in the Promega pCAT-Enhancer vector esdiibited 

20 higher levels of expression than pCAT-*B/4.0 but did not 
respond to IL-1. The pCAT-P/0*5 construct (•577/-132 in 
the pCAT-Promoter vector) and a pCAT-B/0.7+l«l construct 
(-577/+63 <->+2369/+3426) containing the putative C0L2A1 
enhancer also expressed at levels of 85% and 25%, 

25 respectively, of pCAT«*B/4.0 expression and responded to 
IL-1. The pCAT-E/0.2 and pCAT-E-0.7 constructs, but none 
of the other C0L2A1 constructs, expressed in human 
fibroblasts. Recent gel shift experiments have 
demonstrated activities in nuclear extracts from 

30 immortalized human chondrocytes that bind specifically to 
sequences within the 0.5 kb upstream promoter fragment 
and are modulated by IL-1 (Yamin et al.. Arthritis Rheum, 
3S:349, 1992). 

Otl^ey pnbQ4Aiqents 
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I, Use of immortalized chondrceytes as a source of 
transplantation tissue and/or as drug delivery vectors. 

The immortalized chondrocytes of the invention may 
be used as a source of transplantation tissue to replace, 
5 restore, or reconstruct cartilage tissues in a patient. 
In addition, these cells may be transpleuited for use as 
site-specific delivery vectors for polypeptides of 
therapeutic use, particularly for the delivery of those 
polypeptides useful in the treatment of cartilaginous 

10 diseases. Allogenic transplantation techniques may be 
performed using the methods and artificial matrices 
disclosed in Vacanti et al«. United States Patent, SN 
5,041,138, hereby incorporated by reference. Using these 
techniques allogenic cells may be transfected with one or 

15 more desirable nucleic acid sequences, and seeded and 
cultiured into a shaped matrix, and implanted into the 
patient. This technique is particularly desirable in the 
patient suffering from a loss of cartilage mass. One 
skilled in the art will appreciate that other techniques 

20 for cartilage ingraftment can be us4d to achieve the 
transplantation. For example, direct Injection and 
transplantation via a seeded collagen matrix may be used 
(Grant et al.. United States Patent SN 4,846,835, hereby 
Incorporated to^ reference). 

25 II, Assav for antivascular agents ! 

The immortalized chondrocytes of the invention may 
be used for the isolation of inhibitors of 
vascularization. Such factors have pharmacological value 
as suppressors of tumor growth. Immortalized 

30 chondrocytes which will endure and divide for large 
periods of time in culture offer advantages over the 
standard methods of isolating such compounds from 
harvested primary chondrocytes. The method provided by 
Kuettner et al. in United States Patent SN 4,356,261 is 

35 an example of a technique which can be used to isolate 
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such substances from the chondrocytes of the current 
invention. One skilled in the art will appreciate that 
other techniques are available and may be used for this 
purpose* 

5 III, const ruction of a cell line with the 

phenotvpe of dis eased cartilaginous tissues. 

Model cell lines for the study of arthritis and 
other diseases of the cartilage may be constructed by the 
introduction of vectors which overexpress a preferred 

10 protein or by the engineering of null mutations in genes 
where decreased expression is considered a possible cause 
of the pathological phenotype. These cell lines may be 
constructed using one of the immortalized cell lines in 
combination with known vectors and cloned genes. Such 

15 cell lines may be used to elucidate which of those 
factors altered in various cartilaginous diseases are 
actually causative in nature. Goldring (1992, In: 
Cartilage Degradation; Basic Research and Clinical 
Implications , Eds: F. V7oessiner and D. Howell, Harcel 

20 Dekker, Inc.), Heinegard and Oldberg (1989, EhSS& 

3:2042-2051), Heinegard and Saxne (1991, British Jotirnal 
of Rheumatology 30fsuDDl i) ; 21-24), Hardinc^am et al. 
(1991, British Journal of Rheumatoloav IjliaffioLJl: 32- 
37) , Eyre et al. (1991, British Journal of Rheumatology 

25 3orsuPDl 1^ ; 10-15), and Murphy et Al. (1991, Pfftt:tsh 
Journal of Rheumatology 30fsuppl 1^ : 25-31) , hereby 
incorporated by reference, describe the various 
phenotypes associated with cartilaginous diseases and the 
cloning and sequencing of the relevant genes and can be 

30 used for guidance in choosing the appropriate test 
confounds and indicator assays. 

The following are examples of useful alterations 
which can be made to the immortalized chondrocyte cell 
line for the study of rheumatoid arthritis: 1) vectors 

35 which increase expression of IL-1, IL-2, IL-4, IL-5, IL- 
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6, TNF-ar TNP-i3, IFN-a, IFN-^, and the colony stimulating 
factors GM-, and G-CSF. 

IV, Assay for pharmaceuticallv useful compounds 
for the treatment of diseases of the cartilaginous 
5 tissues. 

Goldring (1992, In: Cartilflqg D^qradfttigns Bftgic 
Research a nd Clinical Implications, Eds: F. Woessiner and 
D. Howell, Marcel Dekker, Inc.)f Heinegard and Oldberg 
(1989, FASEB 1:2042-2051), Heinegard and Saxne (1991, 

10 British Journal of Rheumatology 30fsuppl 1) ; 21-24), 

Hardingham et al. (1991, British Journal of Rheumatology 
3Qfsuppl 1)1 32*37), Eyre et al. (1991, Byj[.tAsh JftWrnftl 
of Rheumatology ?Ofsupp?. j) : 10-15), and Hurphy et al. 
(1991, British Journal of Rheumatology 30fsuppl l\t 25- 

15 31) describe the known gene regulation and phenotypic 
phenomenon displayed in tissues affected by a variety of 
cartilaginous diseases. The cells of the invention may 
be used to screen for synthetic compounds or natxirally 
occurring peptides which mitigate these pathological 

20 events. Such coBspounds may be screened for and detected 
by applying the coapounds of Interest to immortalized 
chondrocytes in culture and monitoring the effects such 
compounds on gene regulation and prbtein synthesis using 
the probes described above in Section Ila of the 

25 Preferred Embodiments. When applied to the immortalized 
chondrocytes of the invention (either those cells 
described in section II of the Preferred Embodiments or 
those cells fusrther altered by the addition of nucleic 
acids as described immediately above in Section III of 

30 the Other Embodiments) the useful pharmaceutical compovmd 
is one which alters the gene expression or protein 
production in a manner which mitigates one or more of the 
pathological phenotypes of a cartilaginous disease. 
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Table 1 

-cartilaae- specific Phenotvoe; T/g-Zg £2:isa£X 
-Type ZI, IX, and XI 

collagen mPNAs + + + 

5 -PG-I and PG-II RNAs + + + 

-Protein + + + 

-SDS-PAGE (collagen II) + + + 

-Immunocytochemistry + + + 

(collagen II k PGs) -i- + 

10 -pCAT-B/4.0 expression + + + 



-Responsiveness to IL-1; 

-4 type II collagen nRNA. + 
-t type I collagen bRNA. + 
-t collagenase mRNA + 
15 -t stromelysin mRNA. + 

-t Juji-B, c-jfiin, egr-1 aRNAs + 



What is claimed is: 
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1. An iionortalized human chondrocyte cell line 
having a homogeneous polygonal morphology emd further 
characterized in that it 

a) expresses type II collagen 

5 b) suppresses the production of type II collagen 

in response to IL-*1 and IFN-y, 

c) expresses collagenase in response to IL-1, and 

d) secretes at least two of proteoglycans secreted 
by primary human chondrocytes, and 

10 e) does not express the non-specific proteoglycan 

versican. 

2. A composition coznprising an immortalized 
chondrocyte cell line in insulin-containing semim-free 
medium, said cell line being characterized in that it 

15 a) expresses type II collagen 

b) suppresses the production of type II collagen 
in response to IL-1 and IFN-y# 

c) expresses collagenase in response to IL-1* 

3* The composition of claim 2 wherein said 
20 immortalized chondrocyte cell line secretes at least two 
of the proteoglycans secreted by primary human 
chondrocytes, and said cell line does not secrete 
proteoglycans detectable by Versican. 

4. The immortalized cell line of claim 1, 

25 derived from human primary chondrocytes transfected with 
origin defective SV40. 

5. A method of producing and maintaining the 
immortalized human chondrocyte cell line of claim 1 
coBiprising 

30 a) providing human chondrocytes. 
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b) transfecting the chondrocytes with origin- 
defective SV40, 

c) subculturing the transfected cells, and 

d) selecting a cell line that displays a 

5 cobblestone morphology and is further characterized in 
that it 

1) expresses type ZZ collagen 

2) suppresses the production of type ZZ collagen 
in response to ZL-1 and ITU-y, 

10 3) expresses collagenase in response to IL-1^ 

4) secretes a proteoglycan profile corresponding 
to that of mature human chondrocytes, and 

e) maintaining said cell line in insulin* 
containing serum-free medium. 

15 6. A method of treating a degenerative cartilage 

disease said method comprising a) providing cells 
obtained from the cell line of claim l wherein said cells 
are transfected with DNA encoding a therapeutic protein, 
and b) administering said transfected cells to said 

20 patient. 

7. The method of claim 5 in which said 
degenerative cartilage disease is osteoarthritis. 

8. The method of claim 5 in which said cells are 
transfected with a gene encoding a cytokine inhibitor. 

25 9. The method of claim 8 in which said cytokine 

is TGF-p. 

10. The method of claim 8 in which said cytokine 
is ZGF-Z. 
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11. The method of claim 6 in which said cells are 
transfected with DNA encoding a cytokine. 

12. The method of claim 11 in vhich said cytokine 
inhibitor is IL-1. 

5 13. The method of claim 12 in vhich said cytokine 

inhibitor is an IL-1 receptor binding antagonist. 

14. The method of claim 6 in vhich said cells are 
transfected vith DNA encoding a protease. 

15. The method of claim 6 in vhich said cells are 
10 transfected vith DNA encoding a protease inhibitor. 

16. The method of claim 6 in vhich said cells are 
transfected vith DNA encoding an extracellular matrix 
component. 

17. The method of claim 6 in vhich said 
15 administering is done by localized injection. 

18. A method of harvesting an antivascular 
compound, said method comprising culturing the cells of 
claim 1 and purifying from said cells a compound vhich 
inhibits vascularization. 

20 19. A method of screening compounds, said method 

comprising applying said compounds to the cells of claim 
1 and monitoring said cells for alterations in gene 
regulation. 
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